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(57) Abstract: A superfine grain steel having 
a nitrided layer, characterized in that it has a 
fcrritc grain structure having an average grain 
diameter al" 3 (1 m or less and has a nitrided layer 
formed on the surface thereof. In the superfine 
grain steel, a nitrided layer is formed without 
the addition of alloying elements which are 
expensive and arc detrimental to the recycling 
of steel, such as Cr or Mo, and also provides a 
steel having high fatigue strength. 
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2), C Mifi 0. Q\mzss%JSK±-e&Z> £ t (ff3c^3), Mn, Cr. Mo, Ti, Nb, 

vstf p j5^e»75:ssp^e.ji^$ti^)7c^^^^< s^in£n& 
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H 2 ft, 550"C x 26 P*M©*#T?:/ Lfc Fe-C-Mn * 0. 002C 
ffl&ifit Fe-C-Mn* 0. 05C e*a^W©*#£mbJl*lii©lf 

613)2, Fe-C-Mn * 0. 05C S«tlBttM©Mttft)4-&«0-«ilflS«© 

0 4Kt, 5500X26 mfn<D&Wv77 X-v&itVfc Fe-C-Mn * 0. 05C 

B 5 tt, MnlO. 37nassHS-M© Fe-C-Mn-Si * 0. 25C ttSlfc 500O 

x i6 mm ©&#^gfl; b fc«©«s £^ u & y 9 7 T & * . 

I6lt Mn§0. 83inassX-fr&© Fe-C-Mn-Si * 0. 45C ffife^fc 5000 
xi6B#lirj©&#T?g<ftL£m©E!£#^£^L&^:7Tfc£ 0 
H7tt, Fe-C-Mn* 0.05Cfi«««[*©**ft*fls*f©ft»ttlft©«f 

0 8 Fe-C-Mn-Si *j@$iifflm®!© Fe3C fci^MgiSIMS* 

0 9 tt % (a) (b) BU -f-n-en, Fe-C-Mn-Si * 0. 15C 0. 45C 

mMMmm<D&{kM(Dmttnm*7*vrc fe-semmt**. 

ilOit Fe-C-Mn-Si * 0. 15C MWMnffl\z 0. lmass*© P *miUV 
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HUB, Fe-C-Mn-Si X&mmVLM 0. 45C-0. IP &gffcL/tm©^£ 
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$t«WttJt£*bfc. Fe-C-Mn %®.®.m 0. 002C t Fe-C-Mn-Si mUffim 
0. 25CK, 7xM bnm&® 20/imT?, 7x9-f h • A— M&fi 
£%-T 3 „ Fe-C-Mn-Si 0. 45C «$SMLv;^>lM h»f*S# 

m^^^r-TSo ^©jgafflttiSlc^ViTtt* iftn-^EEMK.fcD 18mm 
xi8mm (DMWlZj&J&Vfco 

SE2 {cjJcb&J:3K:, Fe-C-Mn $£t&IHttfll 0. 05CMtffc Fe-C-Mn-Si 
%m.%Lffl 0. 15C, 0.45C, 0.75C, 0. 90C fc£ V>T&, E*iilg©ii ill tc £ 

Fe-C-Mn-Si ?&MUM$Lffl 0. 15C-0. IP t 0.45-0. IP fc*3V>T«> C 

Fe-C-Mn ^ 0. 002C U%LM £ Fe-C-Mn 5& 0. 05C IfltH £ 550^ X 26 
e^O^frT^^XY^fttfc. EI 1 tt* Fe-C-Mn %k 0. 002C ffl:£f?9©g 
fllJf MiSi£jKL& FE-SEM«-e&3 0 £© FE-SEM^J^B^x^ h 

s«^^4ft©^tti^^^$nTv^ tM^ns. 

0 2 Fe-C-Mn ^ 0. 002C 'faffiM ii Fe-C-Mn % 0. 05C ^MSgl©^ 
$J£^fc)SS®©k>;&-*®S£^Lfc^^:7T&5. tfy#-7. 

y^Xv^-fbUfcJP^ lmm 0fi©g|il; 1 kg ©#fi£Jnx.T 
M^bfeo mi&£&j£© Fe-C-Mn mfHTfcgfcfc£D5s!teU jg^iSH&il 

« J: 0 < - twangs ns, 

0 3 Fe-C-Mn^ 0.05C^aiHSm©^^^^ittC*3^S^ft:^© 
®3M&iLfc^771?S5o gte&frEu ±|Bi:I^C 550*CX26 m 
^©^^XTtfttSD, ^fjStfcms, ttIfc$©j£g<J>riS6mm©f?J>0f 
thSibfe. t>#-X® £©$!?&«, 0. 2kg ©MT-Cff ofco S3 
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his, mivmb&GmMnn&mvfc fb-sem«*s*bs*i*j; 

05, @6tt, -€-n-?n, Mn 0. 37mass*> 0. 83mass«^iD $ tlfc 
Fe-C-Mn-Si ft 0. 25C, 0. 45C fittjHCHfttfettg 16mm (D%W)\Z 500t: 

xi6 mffl<D&ft^mfcLTz&(Dmzftrt%mL%Ltf i j7'T?&%>oMm2i 

mmz, MnP 0. 37mass*T&3 0. 25C fi*fciP!fc:feV>TB:, ^®©® 

ti\zttV, MnS^O. 83massaiTS§ 0. 45C fc8fcMfc£V>TH:rtW©«S 

Fe-C-Mn-Si &miz&KT Z. tifiwmz £fc> 

*1 fc*U&J:5fc,«<or^ToattiPlti|(ll«tJ||ttllna36« 1. 43massX 
K±T?»S5&», T^T 1mm g«©«flsJB#»jSSn&. Lfe^^T, 
Fe-C-Mn Fe-C-Mn-Si &©¥*mj£©0ISiiffl&SP!T«^V>^3&fcg 
toil, T&fc%«fcJi*JIM!&'r3;fc»lc«, Mn**«0.37Mass*&±&K 

B 7 Fe-C-Mn ft 0. 05C I«iti0i«iifttCDi^Hc[)ig 

fctK*#©*#IB** 375MPa-C**©fc»b,SS[ft#©SI»l5H 640MPa 
tteiTcio aMt#©#J8©«SttHV160gflre*?K &it^ 

Se»IB=1. lxify*-XIS 
£/BV>££, «#©g#|BHU 1. 6X160=256 [MPa] ifttans. ^Ifc 
Ji©J*££r lmm tb, E#<f>6mm (#1 3mm) ©gtlfejt©lHl^fitf fttlfc 
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fi.&Iia&ftftftSMIaa aa' /<t a= {3-D /3^0. 67 tUZ>o 

256/0. 67=382 WPaieflfCSBS UROgfctf ©£#RBtt±«© fcfc 

tffc^ttTStigSnfcfttflR© 376MPa *JBV»Tfr5fc, 0 3fc*l/& 
M£D*#&HCB3«j£mfcff3lftKl 0. 6mm TfctK aa' /a 

a=(3-o. 6)/3=o. 8 l&^tv ^M-znzmfcttom&mz. 

375/0. 8=469 [MPa] £ft 5. &RE©ttfc#©&&IB 640MPa ttZlO^S* 

o£ testis. 

8 JcFe3CfcJ:<5ia[J«ft»*lcr)ViTil^fcJ|g***bfc. 
Hftftfcte, Fe-C-Mn-Si *jBtt*ll&ffl**5f£8Lfc, isSifcgP©iS^ 6 mm 

*F£&^T 30 P#M*T? 500'Cfc##Lfc«©«£«fc«Mjfcl,fc.B8 
ffl^77lc^l/fcj;5t, C g^iSVi 0. 05C(0. 05Cmass*)^miHH^m. 
0. 15C(0. 15CmassS) jg $t 8H & 83 T fct 3 P#r*1:gg©iftSfi&&T?E£ jO* 
Hv200 S«**Cfl£TU ffifeft*s?IBSnrcc £tlfc*fL, C g©iSV> 
0. 45 (0. 45Cmass!l!) 30 ttMftft LTfeS^CDlTtitf 

&tMb©ft£&*3&:v>. 0.75c jB4ftu&«, 0.90c ^^sb 

0 9 (a) (b) ^-n^*n> Fe-C-Mn-Si & 0. 15C mMMI&ffl. 0. 45C jB 
*ttffi*©gfcffi©#*m«&*Lfc FE-SEM Mj£&©£43 
D, 0.45CjB«*««T*3:*ft©Fe3C (SV»lljiH) #WffibTV>«. £ 
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© Fe3c ffim®<o®.f&&mm%]%:\z j:V) o. 45c mwLmnmizmtkikisfc 

HlOlt Fe-C-Mn-Si ^ 0. 15C jSfltftll&fflc 0. lmassiU© P S^Jnb 
tz 0. 15C-0. IP B«»ttiIfc*W*tt*«l»«i3»*ft*Ufcy97-p» 

s. hi oa»&*B*n*«fc5fc, o. i5c-o. ip ttftttttft-ett, o. 15c 

3. Ctltt, HigLfeP <D!|Sj[5icS«l$!l^?-J:S i fecDi:it^$ns. 

*E±«fU<«ai*!iUTa««Bi«[fiiii&ift»i/, i^i^ofess-e 

"Tfifcafc, Fe3C #rffl%£fiJfliLfc Fe-C-Mn-Si ^Miti 0. 45C, 

p mmm&mmvtz o. ibc-o. ip&tf-?-©pia;££fij/8L.& o. 4sc-o. ip s 

HKfcSHfcU «»«**ffr?fc- gfctt> 500*0X16 B«PH ©*#©?' 
9X^*ftiUfc.*#ttKfctt,Kil*o*fl6iui©»»M-aiKikfr, 
ir^^-KHHKlfil^KRHftftffiU* l#©t?UIUfrfc^S 107®&mft 
tt5Xf >y^7-f Xi£l&£fT VJ» ^#KS©^=£^s?)fc 0 HI 114, 
Fe-C-Mn-Si %mmM®.m 0. 45C-0. IP Ufc«©*3#:fliS«l/& 
^77t*5. ^ CDS 1 1 CSbfc^57^&iSSn5i5f:, 
0. 4TC-0. IP *ffS*JTtt, Hv300 i**«lTft D , jBttlHtttt 

iW$nx^5. Sfc, #'Sifl:*r©«#l*»l»*H:*3Kwl/fci 
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mt®.<Difc%m\z o. 45c mmmnm-v zooMPa, o. isc-o. ip mmmn 

if!T 780MPa, 0. 45C-0. IP nWM%Lffil? 700MPa ttSi^Tc. £2tC^L& 
J;5}c,-en-^no«^©H-/*-XS$S 300. 308, 339T'&3»^ 

m^m/mm<D Hy^-x^sojt&^-n-en 2. 33, 2.53, 2.06£& 
t £3-e> mMaHiia^ 0. 45c 0. i5c-o. ip 

T*&? fc©fc;*tU 0. 45C-0. IP MISiliMffl^^^Cifi 
^Tabofe. jSmMSJS 0.45C 0. 15C-0. IP 

4kfam<D*>^>**(Di&mm.&nBtLtc&, 0. 45C-0. ip^»^^«, ± 

0. 45C-0. IP MfflLMffiLfflU, mZ&m^ZtfrZ. 0. 15C-0. IP MWcM& 

mo 780MPa$±®s##Bi^#e>n5tM^$n-g). 
izMWisnz>sJL±<Dm-z<D±%-i)m?ir), mmMnmte&tLfcmmn®. 

*G1rZZ\t%:1&t*'?%. Sfc> i2til 1 CDittfc^S, Fe3C^©0 

fb4&r©wah p ^®@^7c^o^jq«, ^-n-en, ffimmfc. m®%nt 
mum£T?<Dm&m<DMm±&\zftLxtemmmnum*mm'%m~e 
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